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ABSTRACT : PROBLEM TO BE SOLVED: To improve reliability by raising the strength of a weld zone 
in the longitudinal direction of a welded steel tube of a bent plate which is produced by 
bending a steel plate into a cylindrical shape and welding the end parts of the resultant 
tube in the longitudinal direction. 

SOLUTION: In the welded steel tube of the bent plate which is made by bending the steel 
plate containing Cr, Mo, Nb, V and N into a cylindrical shape or a semicylindrical shape 
and welding the end parts of the cylinder in the longitudinal direction, the difference 
between the minimum hardness in the heat-affected zone in the weld zone in the 
longitudinal direction and the average hardness of the surrounding base material is 
smaller than 15 by Vickers hardness and the difference between the maximum hardness 
of the weld metal and the average hardness of the surrounding base material is smaller 
than 30 by Vickers hardness. Furthermore, by this manufacturing method of the steel tube, 
after bending the steel plate and after making the plate into a tubular shape by performing 
. the welding in the longitudinal direction by using a welding material in vyhich the quantities 
of Cr, Mo, Nb, V and N are contained in the range of the composition specification of the 
base metal, normalizing and tempering treatments or quenching and tempering treatments 
are performed. 

COPYRIGHT: (C)2003,JPO 



BNSDOCID: <JP. 



» 20031 05442A_AJ_> 



(19)02t=W#ITJt (JP) . 02) ^ §1 1^ <8t ^ (A) 



#iM2003- 105442 ' 
(P20P3-105442A). 
(43) 4)^18 B • Vkl5¥ 4 ; j 9 i 3 fi003. 4, 9) 



(51) Intel,' 




FT 


7-Ta-h*(#^) 


C 2 1 D • 9/08 




C2 ID .9/08 . * F 


4E0 0T 


6 2 1 C 37/08 




3 2 I'C 37/08 • E 


4E0 2 S 






F. 


4 E 0 6 3 


8 2 1 D 5/01 




B 2 ID 5/01 S 


4E OS T 


5/12 




5/12 J 


4Kb 4 2 




; . ^ ' K^^OSS OL (tfe 6 H) 




(21)mEi#^ 


If S2005> - 186281 (P»005>-- 186281 ) 


(71)tH®A 00000l>441 














9 4pl0fl 14 H a^^- 1^ 


















































^ 'mims^m^^■;^■- 






i^i)%MX =idob78i34^ • 














• ■ ■ f 


■■• '•. :,t:'. , ■ ;J,;.;,iH"-f , : ■■• • 
V -. ' ' " 





(57) imm ■ ■ ■ • • • : ■ • 

■ imm^mi - GV- Mo. Nb. VS.t/N2r^*-rS 

y^xjmm^yfi^coimmziiifhmm^(D&im 
'S. ±tz, mm.<r>mntn:mi.cr.-Mo. Nb. va 



ai* < (Hv) 

3Q0 



7sa 

9.00 
150 
100 
50 
0 





J 




ft 






HAZ 




KAZ 






— 








■ . -. - • . - 


' 3 ' . . . " 

• ' II * ' • * 


1 . .1 



-20 -15 -10 -5 0 5 10 15 



2(] 



BNSDCXJID: <JP 20031 05442A LI „> 



;(2) 003-105442 (P2603-10544 2A) 



[liiRlS 1 ] 9 C r - 1 M o - N b -VRX/NmX'h 

t Lx&.^mizi^m^tLi> t ti,izm7S.^f¥Tx-mm^ 

mmmA/tm^^xmmixm^tL. 

mmmmi^mzmtLrziiA zispsTBuieewt m^(Dm 
mm<7mmizi-i,,z t ^mmt^^umi>mmmm 

[11^352] 9C r- lMo-Nb-VS.t/N^-Cib 

-ox. R-:>m«(^rzib<r)mmx'hhiM''d:^L ■ mm 
ixamxtL ■ mmLmM^mLx^m^mibfzmmm 
tLx w^mizmm^ ti^tti> iciSia^frT-e^sffl 

mitxii^Fii^mzmmnjiL. 

<^v%T% Pim^xii^Fimmmmco^^^^^:i3mzc 

r. Mo. C. Nb. VRX/NMiji-S:^ tmm<Dm^<D 

mtmn^ m v ^-c mm Lx'sm^ tt. 

<J:v^T\ mwsm^t^4:-ytzm'si>zmiimmmAt isj- 

mmmcom^zmt tJt h a zw^^mimm t nm<^ 
Miimm<7mmz-i-h:i}L^w^t-rhimAfmm¥m 

Cft^fl3] 9C r- IMo-Nb-VSy^NiHT'S) 

-:>T, Bry^cr>hJ^(fy^mX'ii>hm^-^j:h\^ • M 

Lxamxix ■ mmLm^z:mLxm.mi-m>^fmmm 
t L^xm-mm^zmm^ixh 1 1 ttzm^s^^i^Tx-mm^ 

^x' , mmitxii^Fim^mm<r>iQm^^^:fo\ii c 
mmmm^my^x mm Lx<sm^ tt. 

mttmm<^mzmt itz h a zm^mim^ t mm<7m 
^<zmR^^ht^iz. mmm{k(r>mm±^^-mitM 
nhn^ammz^hzt ^^t-t^WLmfmrnm^ 

[ffiRJi4] mimi , 2Xiis\,zim(^m.M-fmm 



imffm^-^mizax^x . 

iz$i 0 . &':>mm^m<^ymmm^ t mmomM^im^ 

^mmmmmm(7)mmjj:m. 

mmmrsco^ijmi>zis\,^xm:k^h.fzmmimim 

[000 1] 

v^ii^PimmzmmjL t . i-^:f]\^i.zmm ix 
m'wti-hm.m^mmm'si^zi^iy 0 ^ miz^i-:^ y . -ft^ 

^mms^mmmmf^ti i v^^cDWikijmizm- 

[0002] 

^M^. m&<^^f¥TX'i§Em^tix -:^h. k^. mz± 
mAco^mm^^^ yt>zti\,^m^mi^mm±(7)fzif)mM 

X.m^2. 2 5Cr^3?a:5-f h^K^oT. 
[0 00 3] ,r<30*}jtSKi9Cr— IMo^^'s— ;^(CN 

mx'$)^. 

[0 004] ie«(7)+T'l*I/i:A*6 O — 7 0mm$r^i.§ 

mmm.aTcr>i\MB^mm<r)zk^mimmfmmme t 
Lxmif^tL6zb^-^\,K mmrmii^mibii. 
^ mmmzmfm: l . pim(7m^:fjf^(7)mm^mm t. 
xm^.tifcmsx'$>:h. 

[0005] mmmi^zj: ^m.mmmm'wco-mm^j: 
^^iz-t:i>tzi^mmi'm^^tzM^, ix^mf^n ■ 

0 0-100 O'CtCjD^LTSftigfttfJnl-r-S^ i:*^"^ 

■ mm.L>im^'^->xfm^mm^^i>ztt^'£.' 

[0006] -m. M^^, L fi 1.05 0'CiU±. MM 



ui7 s o^cmmzMBxmhixh . y^icrat^o^hB 

[00071 1 cL^xim:i-^>i''T>''*r-i hWL^ir>mi± 
:^.m^x'2 o~4 omm(^mt^^t-^fci^^ 

i>^<7)m'C^<^)scMi)'i6:'^X'h''otz, 

c 0 0 6 s ] H A z <nmit^ miS-^-^h im t ix m 

i-L6. zco^.- HAz<7Mmim^m^^M{zmM.-r 

m<r>^^m^<^:±^x^iyw^itmii-Wim.-m:i^'^ix 
fzim<^ t a X' 7 4 o'cmk<^^-fiU^mi^^^^x m 
m-Th^ t immt UTio 6 ; mmwittiTimiiiw/^m 

nzr-amx ■^■■^ibit . MmmoTmRQmmvx t ■> 

[0009] ^co^MfmmmzjM^t^ v^m^^-^^ 
7 8 6 'CHirr^<7)i€2gT'M^ L^n^t mm^K(r>^^ 
^^m&T^^:^.mz^y-?~i^T-i^mm(^x o iz± 

■ ■■" ■ ■ ■ ' ■ - -. '"^ ■ ■ 

[do L03 ^<7)j;'j(c. mm^hfzm^mwziciLx 
-■mff]^j:mkmi^zx :^-)jmx-mmmmms^mi^ u 

[00 11} " 

■r^ztizh^, 

[00 12] 

IZ. :¥mMii. ^tLXi!f:<r)Jio'km^z:mmi-i>. 9 
Cr-lMo-Nb^ VRl/HmX'h o X , K-olM^CO 

mumimixmrn^mnbtzmmmtLxm^mizm 
m^iri^ 1 1 i,izm7S^i<¥TX'mm^tL:^mmi . mm 



BNSDOCI0:<JP 2003105442A I > 



003-105442 (P2003-1 05442A) 

^^:fj^izc 1- . Mo. c . N b . vm/NAtfimM 
t m^(r)m^i^^mmi:m'\'-*xmmLx'smvitL . 

m^'ij^K mBmti^mkzmt l/zha zm^mmtt 
t mm(7mmirzmm^ tmz, imimm<7)m^ 

lorn. - ' 

[0 0 13] ^fz. mmmfmmm's<7)mjkyjmzii 
^x :'mi^in^<r>m^mzm-r^^§^^m<7)mim 

[00 143 ■ 

(mMc^mmmm) i:).t\ '^^,m<r>m i (Dmmmiz 
mLxmmim\>^xtmi,zmm'th. i-r: m xm^' 

Emmm$3^\'^iimwX'i'nh x^m'3:i&<mtfz^^ 

iimnojii-^ . Mumiz i t ii^Fimmzi}u±Lx 
a ck vs L ,-^>^^fttf * tzi±msimifir>uTixcomxmT 

[ 0 0 1 s ] mmmt txiii Hxmfz^j eoj§«i*^vJ^ 

iz^<§m^^Cr , Mo, C, Nb, VRlfNMijm 

M<7)f&j^i±m^mz:^ih^{,cDim\'^^ ^^mmt 
fcik: m^coim:ii> c mmlmmtrzimxtL- mm' 

1 0 0 re ] <!KizM.m'o^j:ti^mi:^^f. umzm^^fz 

iilStSv ^54 0ni.mcO9C r— 1 Mo— Nb— V-N 

fflEit^ii 3 tn^-r r ^ (T^mmzti u ftff 9 o o m- 
m(r)m'¥x'i%mmmax^mmi-fz. ':^mc^m^j:i^L - 

mmL^^X-comiS^lziUfh o . • 2?6W:^)ti6 O k s/ 
mtn2H5f*Ti>^ vIiT'»i:M=5:i L t J:-5T*-J4 0 
k g/'mm2>:ffi< '5:oT±5 : <%r^fttt'X'tra1li^< 

mM^z^nmmzMx^h'itifix^fz. 

[0017] ^^m^ ( ) 2 {411 3 L /i?SitWt4 

( 1 > arfflvv i^5feT I Gmmmxim i .'N-;?.-c'i7)« 

«¥?fjif*. 1. 0 5 0--cxm 

mcom^j: L. i: 7 S 0 r X 1 b§Pb1(7)MM t $• ^ /:: . . ' 
(Z<7ym^i:Ab'^^. ) 

S3tit©^oVi46, M5t5c7)^j^:^a, -r^'^i^-^iMKL/c^ 

miz^^cDmmtin (2) s-ffli,^-cjitfis#^2fiMit 
Jt-:^ ( B ) (.c:t47 4 o'cx 1 . 5mm<7i-mm^j:m 



1(4) 003-1 05442 .(P2003-105442A) 



immm^rffv^. m^f (C) Iclti 1 . 0 5 O'Cx 1 B# 
SO^It=5r^> 7 S O'Cx 1 B#r^c7)MM LSrtf -:>3t. 

[0018] mmmmzj: o . ^^mzx^mmimm 
m'e(7)-M^mm^ (a) c^mm-^i^umm^mm-th 

[00 19] m4{,z^m^^mi,zi5»h^^-9t^^m 

^WMTii H A Z g|Hc^-ftmi^{±i?*^ ^ix-t. H A Z as 
«b'>/X^-;:?.ig$T-l Ofeili*3-r'S>o/::, JisoScoiiMii 

[0020] ^-^^ m^mt-&iti(7>w^<^mi:>mi^^ 

*Jti^^«0??5$ Hfit' Xlg§TI->3 

[0021] -r=5ri5*>. :R^:ft-[6]<7)j§ii*iiict5{t-&S!i^ 

[0022] <XlC^il'i>c7)^gJ$g|53!)>^>ii^M#Jt^.^O 
^fr-r. tn!5ftC0S?)t*llIfcJ;^-)?gffa3(7)|i^ ( B ) <7)Um. 
a5colS# (C) .c7)|S:@^;t{i, ^-ix-mHAZgUS-tX^ggf 

±mxmi\^. \'^^hmix*)mm'i&-rLx\.^i>, 

X'tmL.m^^mtmmxh'yti. 
[0023] c<7) J; ^ iz:$:mtmmx'^ Ltimmmi^ 

^'i%^ztti<X't^i>.:^j:fs. :^mmmx'imnLx\^ 
mwL'Srmmizmv^titK mnnxmijvi^^ v -^^-^ 
W^mnnx<^m-tii]m^'l^^^j:1\fij:m:6x'iilsaxx' 
^^«o-c\ ^^m'omm^tircmmi:mmzm^^xi>x 
\'\ ' .. ■ 

[0024] mz. ^mmizj:^m2(7)mmmmiz-o\.^ 

jS-r. **W^r#;t:ftr{4BulEII liO^Sfeff^.^h IrI— T'S) 



jl^<??-f ;^|*I^5fe<OT I Q , MAG, M I G*,§V^{i::SS 

[0025] :^tmmx'ii. nm-tht^mmc^M^^z 
?>^. v^-^'^T^^<7)Xoiz^^mmmm<7)mm^ 

[oo2 6].s{=. ^^mzx?>ms(ms&mmtLx 

ixrmm-r?>. j^a-^'scdj: o izmmmi^m'^(om: 
i^mzMfjLmi}^?^ h mmzmm-ti> t cot- oi . -e 
oiy3t#jii.$riis(c^^« s*e^^#;c:frii^iio^5g 
T-s>2.*^ ^mmmmx'\i^mm^^ 

[0027] E««OftffJniB#«^a<^SM^)^vHiiia 

. V -^..p^mmnx' t n i crmmmm t mmi,zmmMcr>^fk 

[0028] IXhiOck o *f|Bj-c(i^ ^ioJ: o 'SrlS 

i><7)X'hh.. 

[ 0 0 2 9 ] SWlPlg^i L TEEMcOiiJ)-!. 

^H±SMmzm^t Lc);^^n-ofcmMLx\>^^\>^miR 

a-fflV^-C:^S|{fjDX$rfi=tV Cr. Mo. C. Nb. V 
SL. e«i:HAZ|fPO?§!$<^.ll^/Js$<t:S::ttcJ: 

[00301 mmj:mzmttmiiK(r>^^^^<mt ^> 

vm#t7>P^lc®c^!:L^v:HAZgIl£^ffi'^{ii^^/^L - m 

m Lmmizx-^xi^m—m^tmmzmmL. mm±m 
i>-s:tttmm-(r>mfSiX'm:i^ l ■ mmLnm^tt^ 

[003 1]. 

[i^B^co^n] ^n^McMmmmm^x'ii, mmmti 
(r)m.B^j:i.mwtmmi,zLxmm.^n<'ri,ztif^m 



•'(5) 0 03-1 05442 (P2003-105442A) 



[00 32] $ ^izmf^mmiismimm^^^ l , mm 

'»<rM7M^mi^i-mx'$)4>. ',' .-■ ■ 

imm^^.i^^-rmx'hh, 

[ii4 ] ^i(7)mwmmtzmf^m'm^m(^m^-^^ 
^^■tmx'h^. 



im5]mi <7mtmmizinf7^ ^ o-rmmimmm 
^n^-tmx'h?>. 

[116 ] ^ 1 (ommmiztsif^ ^ o -rmmmnzm 

t^¥-^.^^i-mx'$)6.. . V... " •'. . 
[ a 7 ] 2 crmmmm^ziii'r^wLmmmm 

[08 } ^^m(om3e7)mtmB.izini:hmMmim 
*^(r)§m^m^Mfmx'hh.' -;; ' 
[09 ] m?^nwnzx i>wimrmmmf<r>mm4^mcrm 
^^i-mx'$)^. • • '■; 

1 

3 

4 mmm (U) . 



[01 ] 





[112] 



300 
950 
200 
150 
100 
50 
0 







[114] 
















— '\ 












KIZ 







-20 -15 -10 -5 0 .1.. . -10- Ig 



20 



[03] 



7C 3?l 


c 


SI 






.5 


Cr 




Ki: 


Hb 


V 


K 




or 

-0.J2 


-0. 50 


d.^0 




<0.01[> 


6.00 
-9 '50 


-1.05 






b. i& 

-0.25 


-0.070 




0.10 


0. 33 


0. A*, 


0.004 


0.00! 


8,43 


O.BS 


0.07 


o.oso 


0.19 


0.051 




0.08 


0.38 


1,2/ 


0.004 


0.004 


5,76 


0.89 


0.44 


0.083 


O.IS 


0.050 




0.07 


0.21 


1.08 


0.P05 




6.76 


U.88 


0.S9 


0.050 


0.16 


0.048 



[115] 



[06] 



300 



:^oo 



100 



60 



30 











tUtaftBSOlC . 
















WW 

o 


o 


3 





S5 :fj 














6S0 


130 


50.8 


22.8 


16.1 




no 


2U.2 


101. 0 


95.5 




95 


795.5 


360.9 


230.2 




80 


2723. 1 ^ 


1321.4 


sac. 6 



10 



100 10D0 10000 

%t»» (h) 



BNSEXXID: <JP_ a003105442A_L> 



i(6) 003-1 05442 ( P 2 0 0 3- 1 0 5 4 4 2 A ) 



[US] 







[09] 




(51)Int.C1.7 

B 2 3 K 9/025 
9/23 

C 2 1 D 9/50 
C 2 2 C 38/00 
38/48 

// B2 3K 101:06 



10 1 
302 



F I 

B 2 3 K 9/025 
9/23 

G21D 9/50 
C2 2C 38/00 • 

38/48. 
B2 3k 101:06 



(##) 



B 
A 

- 1 0 1 A 
3 0 2Z , 



F:?— 4E001 BB06 CA04 CC03 DF06 
EA05 

4E028 CA02 CA03 CB06 CB08 
4E063 AA01 BA09 BB06 KA15 
4E081 AA' BA19 CAOS vA09 
4K042 AA06 AA24 BAOl CA07 
CA09 CAIO CA13 DAOl 



pG04- 

KA04 
MA02 
CAll 
CA08- 
DA02 



